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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECENICAL NOT=E NO, 633

SPINNING CHARACTERISTICS OF WINGS
V - X.A.C.A. 0009, 23018, AND 6718 MONOPLANE WINGS

By M. J. Bamber and R. 0. House
SUMMARY

Three rectangular monoplane wings having rounded tips
were tested on the N.A.C.A. spinning balance in the 5-=faat
vertical wind tunnel. The airfoil sectlons used were the _
N.A.C.A. 0009, 23018B, and 6718. - T T s e

The zerodynamic characterlistice of the models and a
prediction of the angles of sideslip for steady spins are
given. There i1s included an estimate of the yéw1ng moment -
that must be furnished by parts of the airplane to balance,
the inertia couples and wing yawing moments foT spinning =
equilibrium. The predicted angles of sideslip and yawing
moments required for spinning equilibrium for a Clark Y
wing with the same plan form are included for comparison.

A}

INTRODUCTION : - o

In order to provide necessary data for predicting a1r~
Plane spinning characteristics from the design fealures,”
the N.A.C.A. is conducting an extensive investigation fo
determine the aerodynamic characteristics of airplane mod-—
els and models of airplane parts in spinn;gg attitudes.

The investigation to determine the spinning character-
lgstics of wings, in which the N.A.G.A. spinning balance
was used, included variations in airfoil section, plen
form, and tip shape of monoplane wings and wvarliations in -~
stagger of biplane cellules. -The first and third séFies
of tests reported were made of Clark Y monoplane wings with
rectangular plan forms, with square and rounded tips, and
with 2 5:2 tapered plan form having rounded tips (references
1l and 2). The second and fourth series were made of a rec—
tangular Clark Y biplane cellule with -~0.25, 0, and 0.25
stagger and are reported in references 3 ana'é ' T
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Thig revort gives the aerodynamic characteristics in
gpinning attitudes of W.A.C.A, 23018, 6718, and 0009 rec~
tangular monovnlane wings with rounded tipvs. Data for the
Clark Y wing previously tested are included for comparison.
The discusglon of the data is based on the method of analy-
slg given in reference 1.

APPARATUS AND MODELS

The tests were made on the spinning balance in the
N.A.C,A, 5~foot vertical wind tunnel. The tunnel is de-
scribed in reference 5 and the 6~component balance in refw
erence- 6,

The wings were- made of laminated mahogany to the =
N.A.C.A. 0009, 23018, and 6718 airfoil sections. They are
rectangular in plan form with rounded tips, and have an
agpect ratio of 6., The tip plan form is composed of quad-
rante of similar ellipses. The section profile is main- .
tained to the end of the wings and, in elevatlion, the max-
imum upper~surface section points are in one plane, This
tipr shape, as shown in flgure 1, has been designated the -
"Army" tip. TFigure 2 shows the N.A.C.A. 6718 model mount=
ed on the balance. ' R

TES TS

In order to cover the probable sgpinning range6 tests
were made ot anglesg of attmck of 309, 40°, 500, 607, and
709, At éach angle of attack tests were made with side-
glip angles of—10°, 59, 0°, =59, ‘and -10° for the N.A.C.A,
0009 and 6718 airfolls and of.5°, 0°, =52, and ~10° for the
N.AeGiAe 23018 airfoil. At ecach angle of attack at each
‘angle of gideslip, tests were made with values of Qb/2V
of 0«25, 0.50, 0.75, and 1.00. The angles of attack wers
referred to the chord of the .section in the plane of sym-—
metry. The angles of wideslip were measured at the guar-
ter-chord point—in the plane of symmetry of the wing, whizch-
was the center of rotation for all tests. Because of vari-
ations between individual balance readings, at least one
repeat test was made for cach condition and an average of
the individual measurements was used to compute the coeffi-
cicnts.

The tunnel air speed was 70 feet per second for tests



¥Y.A.C.A, Technical Note No, 633 ' 3

with 0Qb/2V = 0.25 and 0.50, and 60.and 45 feet per second
for OQb/2V = 0.75 and 1.00, respectively. The Reynolds
Kumbors of the tests were about 210,000 for the highest
air speed and 140,000 for the lowest air speed. Previous
tests showcd no appreci able change in scale effect for
this range.

RESULTS AND DISCUSSION - :

The data were converted to coefficieni form by the
. following relations:

X . X Z
Oy = 3§ ‘ Oy = 33 o -0z = 33
L : M N
O = qbs . Op = qbSs _ on = qbs

All cbefficients are standard N.A.C.A. coefficients except
Cps which is based on the span instead of thé chord of
the wing, and it may be converted to the standard cbeffi—
cient by multiplying by 6. All coefficients. are given
conventional signs for right spins (referencas 1 and 6).
The coefficients and moments are given about the gquarter-
chord moint of the lower gurface of the wing. )

The coefficients of longitudinal force in the earth
system of axes Oyn and of all six components of the

forces and moments in,the body system of axes are given in
tables I, II, and III. Sample curves of CX"’ GL’ Om’ and

C, are given in figures 3 to 6.

The data are believed to be correct to withi;.the_ﬁg;:
lowing limits:

+0.,02 G +0,02 o C +0.01

CXII; b =YY
Gy, - 0,02 ¢ ,, *0.002 _ G, *0.001
Ch» +£0.001

No corrections have been made for the effects of Jet
boundary, scale, or interference of the balancs.
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Vorintion of the coefficients with airfoil section.-
The longitudinal—-force coefficients OX“ generally de-~

crease in the order ¥.A.C.A. 8718, Clark Y, N.A.C.A, 0009,
and N.A.C.A, 23018 (fig. 3). The values of the rolling-
moment coefficients CL generally are algebraically less
for the wings in the following order: N.,A.C.A. 6718,

Clark Y, N.A.C.A. 23018, and N.A.C.A, 0009 {(fig. 4). The
variations in 03 with angle of attack, angle of sideslip,
and Qb/2V are about the same for all the wings. The ab=
solute values of the pitching-moment coefficients OCp gen-
erally decrease in the order N.A.C.A, 6718, Clark Y,

T AeC.A, 0009, and N.A,C.A., 23018 (flg. 5). The variations
in O, with angle of attack, angle of sideslip, and b/2V

are about the same for all the wings. The values of the
yoawing-moment coefficients €, generally decrease algebra-
celly in the order Clark Y, N.A.C.A. 6718, N.A.C.A. 0009,
and N.A.C.A., 23018 except—at the low angles of attack and
at large values of Qb/EV in which cases the valuaes for
the NehsC.A. 6718 wing are the lowest (fig: 6). The vari-
ations of Cn, for esach wing are small with changes in an-
g17 of sideslip and are sgomewhot larger with changes in
Qb/ 2V,

For the cosfficients of all wings to _be exactly com-
parable, the angles of attack for each ?%Eg should have
been measured from the angle of zero 1lift and not from the
chord line, The followiling coefficients may be corrected

to the absolute angle of attack by the relations

CXO = Oxu at q - Ao
GLo = OL at o - Ag
Gmo = 0 at o - Aw
Gno = 0y - G sin A
wvhere GX"’ GL’ Cm, and Cn are the values given in the

tables and Ao is the angle of attack for zero liff{ meas—
ured from the chord line. The valucs of GL and Gno
obtained in this way will be approximate, but the actual
errors involved will be negligible. This same method may
be usged to transfer the data to airplane axes, sinco the
wing is usuwally set to give some 1ift when the thrust line
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of the airplane has zero angle of attack. For this case
Ao will be the angle between the chord line of the wing
and the thrust line when the wing is set to give the re-
gulred 1if%.

ANALYSIS

The deta were analyzed to show the effects of some of
the important parameters on the spinning characteristics
of an airplane using wings similar ¥o those Tested. The
method of analysis with the assumptions used and the errors
involved ig given in references 1 to . 6.

_._...-.__..__...._

airplane determine the values of wing loading, aspect ratio,

radil of gyration, and pitching moments. The characteris~
tics of airplanes have changed zppreciably since the inves-

tigation reparted in reference 1; therefore, in the present

annlysis the two sets of parameters given in thé table (p..
.8) were used. The previous values are the same as those
used in references 1 to 4 and are included to allow the re-
sults in this report to be compared with the earlier in-
vestigations. The present wvalues are used to cover the

range for present—-day airplanes.

The values of Wk cover the fange for airplanes that
'ba
'(kzz - kx_ab

k 3
;55———£Z— cover the range for the 11 airplanes given in
l'l — X . - -

and

are normally spun. The early values of

reference 7.

In each set, all the parsmeters were varied, one at a
time, while the otners were kept at the mean ‘values, ex—
cept Cj which was set equal to CX" for all cases.

Vigcusgion of results of angalysig.- The angles of
sideslip at which the pitching and the rolling moments bal-
ance in a steady spin and the yawing moment that must be ~
furnished by the other parts of the airplane to balence
the Inertia couples and the wing yawing moments are plot-
ted againet the first set of parameters in figures 7 to 14
and against the second set of parameters in figures 15 %o
22. Hegetive values of G, required show the amount of
ynwlns moment opposing the spin that must be supplied to
balonce the resultant aiding moment given by the w1ng§_§gd
the inertin couples. It is obvious that, in order to in-
sure azeingt a dangerous svin, an additional opposing mo-
ment must be supplicd as a margin of safety. -
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Parametoers : Previous values Present velues
Slope of assumed pitching-|{0.0010, 0.0015, ] 0.0010, 0.0020,
moment curve _ (0.0020)%, 0.0025, (0.0030)%,
5 and 0.0030 0.0040, aond
-G, 0.0050
a-20°
Pitching-moment inertia |60, (80)%, 100, 40, (60)%, 8o,
parameter : : and 120 - . ... and 100
- (med).
2 2 N
kz —-kX C-4
Relative density of 2.5, (5.,0)%, 7.5, 2.5, 5.0, (7.5)%,
airplane to air, u and 10,0 10.0, and 12.5
=
\pSh
Rolling- ond yawing— 0.5, (1.0)%, 1,5, 0.15, 0,30,
moment inertio parameter and 2,0 (0.50)%, 1,00,
and 1,50
8 - B. . N .
kp® kg ® ¢-2\
—— C-A/
I
Z %X
Lift coefficlent, Op—- GL = CX” GL = CX"

o . _
Velues in narentheses are mean values
A = mky®, +the moment of inertia about

B

mkyg, the moment -of inertia about

C = mkza, the moment of inertia about

of the parameters.
the X axils.:
the Y axis.

the Z axiéf

1
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Increasing the pitching-moment parameter ;—Cm

a - 20°
increases the aerodynamic diving moment. An increase may
be accomplished by increasing the area of the horizontal
tail surfaces, putting the elevators down, or moving the
center of gravity of the airplane forward. Increasing the

12
3 decreasges the
ky ~ ky
lnertia vitching monent, which has about the same effect
as increasing the aerocdynamic pitching moment. An increase
may be accomplighed by increasing the aspect ratio of the
wing or by so distributing the weights in the airplane that

-

ki‘ —~ kj? "willl be reduced without changing the ratio

Pitching-moment inertia paramster

a a
kz_ = Ky :
2 3" -
I, - kx .
Increasing —-———2— or ———— algebraically de-
o =~ 20° kzg - kxg

croases the sideslip (changes it in the direction from in-
ward toward outward) for all w1ngs and all parameters used,
(Sec figse 7, 9, 15, and 17.) The rafte of change of the
sideslip depends upon the angle of attack, the airfoil sec~
tion, and the other parameters used.. The effect of incrcas-
: 'Cm ba )
ing -— —  or ~—~——— on G
a - 20° ky® - ky® _
same for each wing with each set of parameters. With the
first sot of parameters the algebdbrailc values of G TG
a 11 _ =Cn a Lk -
uired goncra decrease -5 an ’ -
4 s v 888 88 4« 20° ky? = kg?
crease (figs. 8 and 10). With the soccond set of paramoters,
. L. -'C
G, required increases to a maximum at about _———563 =
. e & -
0.0020 and thon generally decreases as —:Em——a increases

o ~ 20
further (fig. 16).

a Treguired 1s about the

n

in-

The parameter P may be increascd by increasing the
wing loading or the span loading and by flying at higher
altitudes. Increasing p algebraically increases the
sideslip for all winge with both sets of parameters, the
rate of change being very large when p is leds than 5.0
(figs. 11 and 19). There is a slight tendency for G, to

increase algebraically with w (figs. 12 and 20).
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The rolling- and yawing-moment inertia parameter
~Z25———=5 may be increased by méving weight from the cen- - -

ter of. gravity out-along the wing. Increasing this param-
eter algebraically decreases the sideslip except for the U
N.A.C.A, 0009 and N.A.C.A. 23018 wings at 50°, 60°, and
70° angle of atbtack. The rate of decrease is greatest for
the Clark Y and N.A.C.A. 6718 wings (figs. 13 and 21),

-8 _ a
The algebraoic vanlue of O decreascs as = 5———52— in-

n - 2
lx.Z i kx

creases excenrt for the N.A.C.A. 0009 and N;A.C.A._ZSOIB
wings at 50°, 80°, and 70° angle of attack. The ratec of

k 2 - k 2 ~ ———
change of G, with —ZE—— Ya ig largest for the N.A.C.A, -
6718 wing (figs. 14 and 22). ' : -

The results show that, generally, the algebraic value -
of the sideslin will increase for the wlngs in the follow-
ing orders: N.A.C.A. 0009, W.A.C.A, 22018, Clark Y, and
N.A.CWA. 6718, It is interesting to note that the amount -
of camber- of the wing sections lncreasées—in this same or- -
der (fig. 1), It appears, then, that the sideslip is more
dependent. upon the camber than upon the thickneegs of the
wing section. ' ' . ’

The seneral indications are that the algebraic wvalues _

of °C required decrease in the following order: N.4,C.4. e

23018, WsA.C.A. 0009, N.A.C.A. 6718, and Clark Y when

k2 o kB ' ' ' '

Ao X

a )
kZ"'kX . ka ka

23018, T.4.C.A. 0009, and Clark Y when —Zg————xg is less
kg -~ kg

than 1.0 (rfigs. 8, 10, 12, 14, 16, 18, 20, and 22). The

1,2 - ky®
—25————13 is grenter .
o - k . =
"Z X

[™

is greatef than 1,0; and N,A.C.A., 6718, N.A.C.A.

reason for the order to change when

or legs than 1.0 is that the incrtia yawing moment changes
gign at that value.

Prodichiop of. the spinning charscteristicg of an - .
plnne from the analysis.- Prediction of .the spinning char-. R
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acteristics of an airplane in which any of these monoplane
wings is used depends largely upon the aerodynamic yawing—
moment characteristics of the particular airplane. The
value of O, required, as given in this report, is numeric~

ally equal and of opposite sign to the sum of the wing yaw-
ing-moments and the inertia counles. At any angle of at-
tack, when this value of" C, 1is supplied by the empennage,

fusclage, and interference effects a steady spin will result

provided that the equilibrium is stable; for any other wvalue

of G, the airplane will not spin at that attitude. In or-—

der to insure against a steady spin in any attitude, a value
of Cp omnposing the spin must be provided that is larger
than any attainable value of 0, regquired for that particu-

lar loading condition. The yawing moment supplied by tho
empennage, fuselage, and intorfercence effects depends upon

the sideslip, the size and shape of the fuselage and tail
surfoces, the location of the horizontal tail surfaces with
respect to the fuselage, fin, ond rudder, the amount of fin

arca ohead of the center of gravity, the interference of-

focts betweon the wing and the rest of the airplane, and

the limits of the control movements. Data on some of tThese ~
effects are reported in referonce 6 and in references 8 to
13, The geometry of the spin indicates that the vertical
tail surfaces should become more effective in producing a
yawing moment opposing the spin as the sideslip becomes more
outward. Fin area ahead of the center of gravity will give
yowing moments aiding the spin if the sidesglip is outward.
(See referonce 12, fig. 2.)

If the values of 0, for all parts of the airplane
were known, the prediction of the spin would depend on the
algebraic sum of the individual values of O for each
part for each angle of attack. In any estimate, for normal
alrpleoncs, it will be found that a2 change in some factors
will change the yavwing moment for some parts in a sense to
oppose the spin; whereas, for other parts, the effect will
be reversed so that the magnitude of the change in 6, for
each part must be considered. _ . pp—

The airplane least likely to spin is one with a wing
hoving lorge algebraic values of © required and small

algedbraic values of gideslip.

n

The foregolng discusgion shows the manner in which the

value of G, given by the fuselage and tail surfaces moy

be cxpected to vary with sideslip.
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The results of the analysis indicate that the Clark Y
wing, if used on a conventional monoplane, would always be
more llable to give g dangerous srin than some one of the
three wings investigated, The NJ/A.C.A. 0009 and the N.,A,C.A.
23018 wings would generally be cqually good. The N.A.C.A,
0009 wing wusually givecs a lower algebraic value of- C, re-=
quired than the N.,A,.C.A. 23018 wing but i1t also has a lower
nlgedbraic value of sideslip (more outward). The N.A.C.A.
6718. wing may be superior to the other wings investigatod

when the wvalue of __5____X§ ig less than about 0.6 and

: ky® - ky . .
(1) the airplane has large fin area ahead of the centar of
gravity or (2) the fuselage and tail are so arranged that
the change in yawing moment with sideslip is small,

CONCLUSIONS

The following conclusions are indicated by the analy-
sis presented fdr a conventional monoplane having a rec-—
tangular wing with rounded +tips:

l. A monoplane having either the N.A.C.A. 0009 wing
or the W.A.C.A. 23018 wing appears to be less liadblo to
spin dangerously than with either of the two other wings

a 2

a2 . a
kyo - ky

sbout 0.6 .and the yawing moment produced dy the fuseiqge
and toil surfaces does not change much with sideelip,

<

tested except the N.A.C.A., 6718 wing when

2. For all conditions investigated, one or more of-
the thrce wings tested was always superior to the Clark Y.

¢ The algebranic valuc of the gideslip required for
equilibrium in a spin increases (changes from an outward
to an inward direction) as the camber increases.

Langley Memorial Aeronauticel Labaeratory,
National Advisory Committee for Aeronautics,
Langloy ¥ield, Va., Deccmber 23, 1937.
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Figure 2,- Tha rectangular N.A.C.A. 6718 wing with rounded tips mounted on the spinning balance.




N.A.0.A. Teohnical Note No. 633 Fig. 3
.8 J‘ —}
e - - =
v SN Mo ™ Loty e et -
o O ey e | P
.8 r —— i o
" oL= 70 i 3
——A [ A—
4
&
1.6 -
(o} Olark Y
A—— —— N.A.0.A. 33018
O-w-—===— N.A.0.A. 8718
+——-——¥.A.G.A. 0009 A
1.4 7
./,'
—_———| A
b~ £
'r e
1.3 ! e +
T~ i e -4 /
/*Cé}- ‘;\‘\ L\_{,] ,,/7 Y
= /
ON o '\\E [ - /. /
- - \ L
E \A 500 _ I—’,:'[,/\'// /
< T —h =k Z
Lol ’V
§ .8 )
: =
f
%
4 .
g 1.6
g’ .,
¥
1.4 ’*—____‘:____4 - 4
& gh——--”Jf/ \\'L //}f /
T /-—?\ /
R A / J
1.7 // / C e
J W A AT
k e . e}
o
1 o'/ — % A4 ,/ I
- rd / //
[ | A
7
A5
.8 // )
fyie)
— = 0.75 pd g = 5°
T i
€10 -5 o 5 16 - 36 TN 1.00
Angle of sldeslip, B , deg. .B_v.

Figure 3. - Variation of longitudinal-force coefficient Ox. (eaTth axes) with angle of sideslip
m .

and -— .
3V

TR}



N.A.C.A. Technical Note No. 833 Fig. 4

.04 e ——

ISSNSENNRER =N

—— gy

S === |
-.04 — \\
N .

0 - -

i
!
/
)
!
/
N
1]
T
!
)
/
I
KY
!
!
T
{
/
!
/
7
4«

—~— ~i . ~ -
-.04 = = - .
\-\ T\ ~a (-] B N
S I~~J 50 N NS )

-.08 ) ~N

/

]
[
"/
%

A

-.13 =
-

° = :

- \[l' 1 1'

- 1 -

Rolling-moment coefficlent, C;

.I
Y
B
Pt
i

-.18
O————Qlaxk Y .
SH— N.A.C.A. 33018 \\\
o-—-—————N.A.C.A, 8718 - T
+—————~N.A.0.4. Q008 _ ‘\\
-.30 -
L
n[b/av J- .75 B -I g° =%
-.34 M E— e — S<
=10 -5 | (¢} 5 10 .85 .50 76 1.00
Angle of sideslip, B , deg. b/av

No
Figure 4. - Variation of rolling-moment coefficlent CIz {vody =xes) with angle of sideglip snd —- .,
3V



¥.A.C.A. Techniocal Note No. 833 Figs. 5,8

-.04 p —
1 1 () P ‘-\\‘N
z o= 70 ‘Lﬁ::i\: —
o S N O \\.‘ -
A . S R S - AN NN
-.08 I <. ~]
h\\
S o
]
e
° —
a 04 F———f
:‘; - Ar/___"__\"ﬁn:—————‘i__——’_"' B0° ————;‘ N\‘:L\
§ i v : R
- S I N e = S e B TN
B ——- . - ~
2’ -.08 > )
b| 0
Q
e -
-l
Be
A 300 ‘\d:'q
e +
o | S s N Bt
=+ 04 G Tﬁ\\ \,
b ~d -
:‘“1 . ——4—"'};—-— - SN l
i o
m/av!- .76 g = 8° \‘%
—.08 l ] ] )
=10 -5 Q 5 10 .35 .50 .75 1. 00
Angle of sideslip, B , deg. b/av @
Figure 5. - Variation of pitching-moment coefficient Op (body axes) with engle of sideslip and ;; .
o———Qlark Y &o~— —N.A.0.4.33018 o----—=H.A.0.A. €718 + ~-X.4.0.4, 0009
.03 J —
] e ek T T T - Ty aptey mymp— ; Ey— " = ==
 — _ Sk Sai e SRV CIE S SO !
-,08
g
o
'
L ]
e .03
wd
-
b & - s
- (S e s PR G
: === ks S ‘_‘-‘::i 50° = e it R |
g -.02
8
; P
B
S .03
300
0 -y . — ' — —=ires
—_———)m e __J'—-. -Tr—- \o ~e
- e AL
=-%50 -5 0 6 10 .38 .80 .75 1.00
Angle of sideslip, B , deg. s/av

. o
Figure 6. - Variation of yawing-moment coefficlent Cp (body axes) with angle of sideslip and ;

e
L

-

cllve .



N.A.C.A. Teohnioal Hote No. 833 Fig. 7

4
\ .
§ H.A.0.A. 0009 I~ N.A.0.A. 33018
T~
N Tt §
o] ~
~ I P
\\\\\\ \\ I~ E\\~\_
-4 \\’:\;\\\__ \\\ :*\\‘z\\'\ —
~T— - = C —
B I~ P~~~ N R ’\‘:‘%.
g B SN S ey | ks i
g \*\-§.~: ~=—J
o
-8
)
L]
=4
- 30
« | 1 ! +r 1 1 | = 40
R ~——PB0} o, deg.
a —_— - —80
= —_— 70
L3
] »
ot
o
~ 13
(-]
©
§ T
8 T~
'\
\ \‘
B ~~—— N
. e
~~< ~ T ==L
0 S N it S
~\ \\\ '\"‘\ ~\-?:;\‘ — --\\N\
i e Ny Y | I B S e
—_ \
E \\\l: ==
8 -4 - ]
Olla.'l.'k T I“I‘.O.A-I 8718
| : : I
.0010 .0015 .0030 .0085 .0020 .0010 0015 .0020 .0036 .0030
=0,
Slope of essumed pliching-moment ocurve, —--565
=

Tigure 7. - Effeot of pitching-mcment coefficient uponr sideslip necessary for equilibrium in =z spin.

w=5 Oy = Ox kza-kya-lo LS ”
6° - og® 5® - g






. . - . ~ 13 ] - -~ .
r
\
. 0L T T
-01 . X.i.0.4, 33018
H.4.C.4. 0009 . . ——-:E_:f::‘F:‘*"L_ = .
0 —— e ST S D et o=
J‘ T S v oﬂ -
~ o,0l ‘;--01
»
g g
3 30 3
- N e e T e e I R B 40 #
% —=~—80 ra ,deg. G
2 .0 _ 5 .01
8 —_—
-
g g
g o
] 3
E‘ o é’ 0#., =FET_—=—_-—-—:_-___,_____
# ﬂ =1 B T —— B
U] . ———— g . B e e T Eotr AN [ S SN
gl .r----.__.___'____‘-_t:::::___ N _"':—;‘-'--_ﬁ-— . -‘\-.
[ T ——
-.01 === -.01
Olark Y ) F.A.C.4. 8718
-.03 -.02 : '
0010 .0pl4 .0018 .0038  ..0038. .0030 L0010 _60014 .0018 0022 .0028 L0080
Blopa of apsumsl pitching-moment cosfficlent cmrrve, ——555
[+ 3

Figurs 8. - Effeot of pltohing-moment coefflolent upon yawing-moment cosfflclent that mugt be supplied by parte other than ths wing for equilibrium
in a spin. L=B Oy = Oxn R - xyd b2

'Y o rn

LED "OF ©30K Twotuyoel

g Iz




N.A.0.A. Teochnlcal Note No. 833 Fig. 9

4
d ,deg. E —
—
~—
~—]
\ _‘\b T~
~ £ r—y -
~ o \ —— \‘\
o 3 —— E T e e Bl
H = P~ e~
(] [~ ™ e . - ~
i £ N i =
o -8 -8
- H.A.Q.A. 0003 . X.A.C.A, 33018
u - -
& 5
-
3 g
S b
2 S .
8 b= 8 )
~ o \\
o
p .5 % 'E '\1\
(2] 4 — 4
\
0 0 - e
~\\‘\\ o —— e —_
'ﬁ \\\ T —— E ~—
3 = 1
g ' olazk Y S| oT— g ¥.d.0.4. 6718
| |
-460 80 100 1% -‘80 380 100 .130
Pitohing-moment inertis parametsr, —-;-—-1
e ;

Figure 8. - Effect of pitohing-moment inertis parameter upon sideslip necessary for
equilibrium in & spin. p=5 Op = Ogn Oy = =0.0030 (@ - 30°)
kza - k!z
kzﬂ - kxa

= 1.0



Yawing=monent ooefficlemt, Cp

-
Ly
e
r
.01 u
0= P s Ay L s e e Sl M x
] N L
(R N A EN SN IR PR P A - -r——l—r—t—_—t I H
r JUS——
‘ &
—.o1 é
Y.4.0.A. 0008 . W.A.0.A, 33018
’ —%
.01 - 3 40
: ——-:—"—‘85“6 o ,deg.
—70
0 e e e - — ]
g _ — ] IR ISR AP S ne—y= I SN R AU RN SR SN S
‘E-‘='~ =~ 1 _ -
o g - [ —
]
-.01 —=
. Olark Y - ¥.4.0.4, 8718
-,03 I 1 I | 1
80 B0 100 130 60 3 B0 100 120
Pitohing-moment inertis pl-n.ieter, k?—-kx—a.

Flgurs 10. - Effact of pitohing-moment inerila perasster upon yawing-momant ooeffiolsnt that must ba supplied by parts other than the wing for

squilibrima in a spin. p=5 O, = Ogy Oy ™ -0.0020 (d - 207) kg? - Ky

=1.0
X° -2

ot ‘9z



H.A.C.A. Technical Note No. 633 Fig. 11

T T |
4 gg d ,deg — 4
E —— b °¢ //
1 E
i
Yoo // A o /
/
L = e
Y 1
y) ”~
///’// / ////
V4 / /'/
/ A
-8 -8 / .
7 7Y
/ g X L= 4
-~ -3 - -3
= / H.4.0.4. 0009 g W.4.0.A. 23018
5§ 5
b R pa
T 3 s B
9 s 3 s
[} a
8 8 3 8 ]
o [}
- — i3 £
15 4 // o 4 .
| I = S A
0 7 e all 0 7T L | _
J/}// L e ‘,%/__’
F<1= 7 o
/L[ v
-4 > -
/ /
b V 2 '§
E OI:Tk 4 g T.L.O.A. 8718
3 1]
W 5.0 7.5 10.0 533 5.0 7.5 10.0

m
Relative density, g = -
pSb

Pigure 11. - Iffect of relakive density of airplane upoz sideslip necesssry for

equilibrium in a spin. 0, = =0.0030 (g - ao?') Op = Ogx
EZ.._,_._ = 1.0 —g———z = 80

kg? -~ 5%



QL
-_—__‘"——
1 | e f— """ T
o = :—_-Lz—_-_—___-ﬂ:_--—_—,__ =] =
|
J ’__- //
~-.0L =
E" R.A.0.A. 0009 ¥.A.0.A. 33018
e
-
E 20
S T O e 8l
—_——— sg.
: R - » deg
g —_—
E o = S m——— il
[ — -~ ] - -
?_E";ﬁ::"" S — NN DR SN R S =yt S ===~~~
| - T . —
:"‘:—'— Iy i ]
-0l —=
Olark Y ¥.A.0.4. 6718
- =038
. 2.5 b.0 7.6 10.0 2.5 5.0 7.6 10.0

n
Relativo dongity, p = —

|
i !
I
Iﬂgure 13,~ Effeol of relative densaity cf alrplans upon yuwing-moment ocoefficlent that must be supplied by parts of the airplans othar than the wing

for squilibrium in & spin. O = Oy Op = - 0.0080 {d - 30°) xza-x,""_lo »? o
| - ka? - a2 5? - X |

SE9 “ON 90K TwoTU{OR] Y O'Y'H

8T g




K.A.0.A. Technicsl Note No. 633 Fig. 13

4 4
H i
5 T
- - T
¢} 0
-4 I L |
—T e _ ¢+ | 1 g T =4 = E =l
f O e i ol S s L —TT [
§ == - =} . 8 - 1 - —— p—
%’, N.A.0.A. ODOS . H.A.C.A. 33018
g -8 .&30 -8
@ 13 30 @ 18
& -—————40 &
g ——--—B0td, deg.
H ————% o ]
o 8 - 8 —
% Y T
© © — —
3 ~ | ¥
4 e 4
; e
8 - L \\§\
° 0 - _ =]
v Y \*;:Q ) 1]
il it e R ] I s ==t
= == | =] g
i, | -
Olark Y X.A.C.A. 6718
| ] | [ L
.5 1.0 1.5 3.0 .8 l.qa 1.5 3.0
2
X2 - Xy
Rolling~ and yawing-moment inertia persmeter, T x;E
2% -

Figure 13. - Iffect of rolling-momsnt ahd yawing-moment inertis paramster upon sideslip necessary
for equilibrium in a spin. B

=5 ¢ = Ox» = - 0.0030 (a - 80°) = 80
* Lo o o



N.A.C.A. Technical Note No. 833 Fig. 16

8 \\
N
H.A.0.4. 0008 \ ¥.A.0.4. 33018
'§ 4
\ \ _ _:
N ' [~ \ ——— -
0 \\\\\ \ \\4 _
N ™~ \\
\\‘\.:\‘ T~ ~ o= 7 e~
~ I~ 53 TR JdL ~——
'_E " (N e g ~ \\\ 9 —]
: \E\ ’\ —_—
8
-8 = =
E]
-13 *
v 30 - —-
¥ T T T 1 -—----- 40 - _ .
d ————0580p o, deg. - [
- ——— — eo —
@ —— —— 70 -
) -
4
[:]
L
3
4 18
"~
(=]
L]
75% -
123 ‘\
] |
Clark Y e
8 —
R T
\\ N.A.C.A, 6718 R
i —
E \
&\\\ \\\ \TN -
= ~J = -
NG S L~ ] ™~ \_\ T~ -
o D S N i . e e ~
\_\\_“\\ \\‘\ E=Q
o [~ i~
g %&é_ e
£ ==
g -4 - R
.0010 .0030 .0030 .0040 .0050 .0010 .0030 .0030 .0040 .0050
-0
Slope of assumed pitching-moment coeffioient curve, -—-—-556-0- _
d_ -
Figure 15. = Effect of pltching-moment oo;ﬁici;nt upon sideslip necesaary for equilibrium in s spin.
3 f -
k"~ - ky b e .
u=%75 OL = ng - = 0.5 - -} = 80 L
k- ¥ k" - X



01
| e L
e = s i et o N il s
%______ =]
‘-‘\.4
N.A.0.A, 0000 X.A.0.A, 23018
=01
-
g
30
L: S I A A A N S A R A (R (USRI 0
E —r ———~——50 > o ,deg:
. ———80
g — "0
01
-1 _T e
g 0 e e S s e S
._/__,___.-—— b — _.._-.-..-_.___“ = //___,,_-—’- [ —
Lal I e - = |y
| . I
: —
~-.01
Olaxk Y N.4.0.4,.8718
-'0?5010 .0013 .0038 0024 0043 ,0080- .0068 .0088 .0010 .0018 .0038 0024 0043 ,0050
]
Blope of assumed pliohing-monent oocaffioclaus ouxve, 2 20°
a -

Figure 18. - Effsot of pitohing-moment cosfficlent upen yui%g-non;nt ocofficlent that must be supplisd by parts other than tho wing for oquilibrium

b - Ey ve
in » spin. u=17.5 = Cx» —=g—z = 0.5
% X _.kxa kza_rla

= B0

e2g "0X 9304 TEOTWIeel ‘¥V'O0°'Y'K

et ‘311




¥.A.0.A. Technlical Note No.

633

i3
8
F.A.0.h. 0009 ¥.A.C.A. 33018
—
- I e —
\ T
\
[o]
L R T~ =
H \g;\ - 'k\\\. ~
g - h \g\\ R ST
T \\\ -~ —~ \'1‘ =
NN ~I=F
\
@ -8
P
@ il QR |
& 12 ———-——¢0
- - —— 70
- ]
<
3 12
-
[~
3 !
g e ————)
8
\‘\
P
]
E 4
- e —
— I~
— T~ S
o \\~~_‘_ - Q— _:\
T—— \\\"‘\\J_\\
i . :
Olaxk Y X.A.0.4. 8718
-8
-123
40 80 80 100 40 3 80 80 100
b
Pitohing~-moment inextla parameter, % —;;5

Fig.

Figure 17. - Iffect of pitobing-moment inertis parameter upon sideslip necessary for equilibrium

in a spin.
w=7.5

Oy = O

Oy = - 0.0030 (a - 20°)

kza - kYa

kx

0.5



Yawing-moment cosfficient, COp

.01
i |~ =~
0 P J e W i S g SR PR I D i
3 ) — 1T ~—
N.A.0.4, Q00D N.A.C.4., 88018
-.01
0
—————— 40
—-—_——% o, deg.
—_ ——%0
01
oFE-=T] . ] D i i e N """;——--—-—,_
Sl s Y iy e A —
L _ 1 = === ——~—E-____ -
-—— T —
I
=01
Olark ¥ N.A.0.k. 8T8
c-v.()al° 80 80 100 40 2 80 80 100
b
Pitobing-woment inertia parsmetsr, W

Fignra 18. - Effeot of pitohing-moment lnartis parsmeter upon yawlng-momsnt coaffiolent that must be supplisd by parts obhar than tha wing for

eqmilibrium in a spin.

u=7.5

0y = Oxm:

Cp > ~0.0030 (o - 30°)

-T—-—kza—h!a-o.s
e - g

Y OV'R

g28 "ON #30X TROTUOS]

8T A4




N.A.C.A. Technical Note No. 833

Fig. 18

8
T T 0 | |
——————— 40
——————— 50+ d ,deg.
. —_ 70
-
[—"]
L1
e —
o — L
L. =
< : ,//7
/ ///4 L //’A‘ -’ -
-4 7 : /'// -
7 /1 L
/ /Yy
rand
, |
" / /,/
‘é V /
i/
i /
-12 H
¥.A.C.A. 0009° / X.A.C.A. 23018
&
<
@ -18
£
4 12
<
]
-l
L]
~ L1
[~]
CRE <
Ty 1+ /
- / Z
4
/ . /
/ = et g
— - / e | —_—/-‘
— " - ————
0 / e =1 .L 7 A=Z L
p L / ual
/ 7\ =
7 )
,//,5 A
F; f
-4 v 1
/I /
o !
; 7T !
3 -8 /
Clark Y . ¥.A.C.A. 6718
~13, 4 ) 13 16 0 re 8 12
-
Relative denaity, y =
. p8b
Figurs 19. - Effeot of reletive density of airplane upon sideslip necessary for squilibrium in a spin.
G, = ~ 0.0030 (oL~ 30°} O = C. 8. ]
n A ik o - &

Xz® - kg2 Xz - 3

18



01
H.A.0.A, 000D . N.i,0.4, 33018
o /—/ ."_‘:_—:-:’__'—-- —_— T =
B = —— — = — /— | e — =] - —_——T =T
~— e il ey 1
bl /’,// //’ //
& -1~ 552////’
& -0 <
g /
-
[+]
P
-
]
o 30
AN I R I DA H S IR M N B R 40
—— =080 d ,deg.
E — 80 14EE
g S—-
.01
§
=
[~ = F =
ngff’iz" s pveny A cpruitog iy gy
P 4 —T
0 T e ]~ — === o — rd '
| - = o — ] |— —
% T T /]
- = -
ff/ ]
=-.01
Olark Y H.A.Q.A. 6708
-,08
3 4 ] B 10 13 14 -] 4 8 B 10 18

m
Relative dengity, p = —
p3b

Flgure 30.~ Effsot of rolative density of airplans upon yawing— moment qoefficlent that must bs supplisd by parie of the airplanas other then the
wing for equilibrium in & apin. Qp = Ogx a, = ~ 0.0050 {(d - 209), kg® - Xy b

crTrg OF -

k" - Xy " - gt

= g0

£20 °"OF 30N TYOTUUCRl ‘¥ O'V'N

og "%l




8
bl -
H.A.0.4. 0009 N.A.0.A, 33018
i
H T L‘
- [F———
L
|\ 1l
1] = —
ot T —_‘L _—L—
: e e s g e e it s o =
. -4 e — | _
[y
v 3
. 30
;-3
_______ m —
o ———=—050rd, deg. N
ol -3 _"__‘—60
b
© —_— 1
——
3 8 l\ ‘\\
k) [
» \ﬁ
g E 4 \"‘-_ LY
A
A ~{_
~3
P
: ~ [~ — | 7 ;t o = [~ o —
] -~ -] T _"“"IL-__
*Lﬁ.\_‘- ~L T~ B ‘*'——-.:—__E
SRS e
. Claxx Y ¥.A.0.4, 6718
§-4
g —
_a L 1 L 1
¢ .B 1.0 1.5 2.0 0 .5 1.0 1.5 a.0
. kga - k!a
Holling- and ysawlog-sioment insrtia persmetsr, 33
) ) 3 —kxg

Figure 21. - maot of rollicg- and yawing-moment insrtis parameter vpon sidesglip nacassary for egquilibriwm in a apin.

=75

O = Ogu

Oy = = 0.0030 (at = 30°)

hz
kg - X2

= 80

“O§ 93OR TWOTUULeT ‘Y O'Y'X

229

™®




Yawlng-moment coeffioient, a

l 30
—————— 0
—==--—-080)d ,deg.
.01 %
= N B e e Sl -1 -
0 1 T == === [ _
- | —~ 1 —...;:'-‘:-:_:__:_:"---—-__\_______‘_-—_ S —] ] T T 1
. ‘{\
.
-.01
' ‘. 0 ". m !l‘lc-‘. mla
AN
.01 a
N
RN RN
\\___ \\\-A_\:\ :‘.\
0 e —— . [~ o
- "-._____‘..___ =~ ‘:'\'{-—. N =~ ]
\ﬁ - "‘\;Q_d‘_:-_:.:___’ \\\ = _::._ N ) Ce
g =1-—T N ~~F-]
o1 M\ W I it =
Olark T \ﬁ\\ H.A.0.4. 6718 ~—
\
=03, .5 1.0 1.6 0 .5 1.0 1.5

3 _ 2
Rolling-and yswing-momsnt inartis paramater, :‘-—;—5—%

Flgure 33, - Effeot of rolling-and yawlng-monsnk inertla paraneter upon yawing-moment coefficient that ln;t bs suppliad by parts othar tbhan the

ui'ngforoquiuhnu:i:nnlpin. p=7.8 0.-—0.0030(0:—20“) 0y, = Oqu kz b}x -

22¢ ‘of ejoy TWOTUOORL ‘YD TR

zg 31




